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With all the wealth of scientiﬁc activities, there remains a certain stigma associated with
careers in science, as a result of the inevitable concentration on narrow specializations that
are inaccessible to general understanding. Enhancement of the process of scientiﬁc learn-
ing remains a challenge, particularly in the school setting. While direct explanation seems
the best approach to expedite learning any speciﬁc subject, it is well known that the ability
to deeply absorb facts and concepts is greatly enhanced by placing them in a broader con-
text of relevance to the issues of everyday life and to the larger goals of improvement of the
quality of life and advancement to a more evolved society as a whole. If the sciences can
be associated with areas of artistic endeavor, they may be viewed as more accessible and
favorable topics of study.There is consequently an urgent need for research in the relation-
ship between learning and experience in the arts because both art education and scientiﬁc
literacy remain at an inadequate level even in economically advanced countries.The focus
of this review is the concept that inspiration is an integral aspect of the artistic experience,
both for the artist and for the viewer of the artwork. As an integrative response, inspiration
involves not only higher cortical circuitry but its integration with the deep brain structures
such as limbic system and medial frontal structures, which are understood to mediate the
experience of emotions, motivational rewards, and the appreciation of the esthetic values
of the impinging stimuli. In this sense, inspiration can turn almost any occupation in life into
an avocation, a source of satisfaction in achieving life goals. Conversely, when inspiration
is lacking, the motivation to learn, adapt, and prosper is impeded.Thus, inspiration may be
viewed as a potent aspect of human experience in linking art and science.
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“How can we develop techniques in learning to engage the emotions?
Learning should not be driven by fear but by desire. Why are the arts
considered separate from the sciences? What were the ﬁrst arts? How
did the scientiﬁc enquiring mind arise?”
d’Amboise (2008)
To a signiﬁcant extent, our future will be determined by how
we deal with the unprecedented explosion of knowledge with
which we are presently confronted. In a world of hyper techno-
logical advancement, there tends to be an intense focus on the
technical and scientiﬁc aspects of the world around us, with a
consequent neglect of other aspects of life that can enhance the
learning of complex material, social skills, and overall quality of
life. Although more information has been generated in the past
century than in all of human history before it, the gulf between
science and the arts has grown ever greater, and students are
identiﬁed as being of one type or the other early on, creating
self-fulﬁlling prophesies of their life trajectories. Even with all
the wealth of scientiﬁc activities, there remains a certain stigma
associated with careers in science, as a result of the inevitable
concentration on narrow specializations that are inaccessible to
general understanding. This disconnect between art and science
may have had unintended consequences. Apart from the danger
of creating a generation of scientists who lack an esthetic sense
or appreciation of metaphorical expression,and of artists without
scientiﬁc literacy,opportunities for cross-pollination,and mutual
beneﬁts are being squeezed out of contention by the professional
demands.
STUDIES OF ARTS, CREATIVITY, AND LEARNING
Despite the divergence between arts and sciences, a growing body
ofquantitativeresearchsuggeststhatthelearningofsciencemaybe
enhancedbyrelationshipswiththearts.Contemporaryresearchis
beginning to explore explicit neuroscientiﬁc hypotheses concern-
ing the effects of activities such as, drawing, visual esthetics, and
dance observation.
Visual art learning is reliant on a complex system of percep-
tual, higher cognitive, and motor functions, thus suggesting a
shared neural substrate and strong potential for cross-cognitive
transfer in learning and creativity. Within just a few weeks, for
example, human infants can imitate and action such as sticking
out the tongue in response to someone sticking out his tongue at
them – how does the infant know just what motor action plans
to implement based only on a visual input? Mirror neurons may
account for this ability, translating visual input to motor output,
underlying a connection between visual arts and movement, and
the auditory arts and music. From pre-historical times, visual art
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has been a form of communication deeply imprinted in human
nature;the act of experiencing art and esthetic appreciation in the
“receiver”alsohasthepowerofcross-cognitiveeffectanytimedur-
ing individual development. Compositional universals have been
shown to govern the design of visual artworks across ages and
cultures (Arnheim, 1988; Tyler, 1998, 2007; Ramachandran and
Hirstein, 1999).
The ability to tolerate ambiguity and uncertainty during the
creative process is an important mental trait. The tolerance for
ambiguity is also an important attribute in the learning of science
in order to deal with the complexities and ambiguities of scien-
tiﬁc knowledge. Unlike its popular stereotype, science is replete
with ambiguities and contradictions that have to be resolved
in order for learning to proceed. Allusive thinking by appear-
ance alone lends intuitive judgment to overly rational thought
and can lead to the discovery of meaningful metaphors (Tucker
et al., 1982; Smolucha and Smolucha, 1985; Peterson, 1993). This
type of thinking could be developed with focused visual educa-
tion methods and its applicability shown in a variety of academic
disciplines.
In terms of accessible art practice, prior research on neurolog-
ical patients has shown a conceptual link between drawing and
language (Gainotti et al., 1983; Swindell et al., 1988; Kirk and
Kertesz, 1989), and these researchers hypothesized that drawing
may access the semantic system in a manner that improves cog-
nitive access. Studies exploring the issue of mechanisms shared
between different cognitive modalities revealed mechanisms that
are used to process spatial representations in the visual modal-
ity, are shared with other modalities, such as the processing of
pitch in music (Douglas and Bilkey, 2007). These ﬁndings have
implications not only for scientiﬁc learning, but also for learn-
ing, pedagogical principles, and general social and educational
policies.
THE NEED FOR LEARNING ENHANCEMENT
The enhancement of learning remains a challenge, particularly
in the school setting. While direct explanation seems the best
approach to teaching any speciﬁc subject on the curriculum, it
is well known that the ability to absorb reams of facts and con-
cepts is greatly enhanced by placing them in a broader context of
relevance to both the issues of the quality everyday life and the
larger goals of human advancement to a more evolved status of
society as a whole. It is these larger goals that evoke the need for
research in the relationship between learning and experience in
the arts. The need is urgent because arts education and scientiﬁc
literacy remain at a low level in the U.S. and educational inter-
ventions are sorely deﬁcient. To the extent that the sciences can
be associated with relevant areas of artistic endeavor, they may be
viewed as more accessible and more favorable as a topic of study.
Moreover,thereisanincreasinglevelof neuroscienceresearchthat
supports the idea of enhancing transfer of learning abilities from
the arts to other cognitive domains.
All too often, the arts are marginalized in our schools. In
response to this marginalization, educators have sought to jus-
tify the arts in terms of their instrumental value in promoting
thinking in non-arts subjects considered more important,such as
reading or mathematics (Murfee, 1995). However, there has been
little convincing research that the study of the arts promotes aca-
demic performance or elevates standardized test scores (Winner
and Hetland, 2000). Really to understand whether art learning
transfers to academic performance, we need ﬁrst to assess what is
actually learned in the arts and then to specify the mechanisms
that underlie a transfer hypothesis. Hetland et al. (2007) therefore
made a qualitative, ethnographic meta-analysis of the kinds of
cognitive skills actually taught in the arts classroom, choosing the
visual arts as their point of departure. The goal was to understand
whatistaught,inordertobeabletodevelopaplausibletheoretical
transfer hypothesis. Eight“studio habits of mind”were identiﬁed
as being taught in visual arts classes. Students are taught (1) to
observe – to see with acuity; (2) to envision – to generate mental
images and imagine; (3) to express – to ﬁnd their personal voice;
(4) to reﬂect – to think meta-cognitively about their decisions,
make critical and evaluative judgments, and justify them; (5) to
engageandpersist–toworkthroughfrustration;(6)tostretchand
explore – to take risks,“muck around,” and proﬁt from mistakes;
and of course (7) to develop craft; and (8) to understand the art
world. This work is the ﬁrst to demonstrate objectively the kinds
of thinking skills and working styles taught in arts classes. The
groupisnowinvestigatingthepossibilitythattheskillof envision-
ing, taught in visual arts classes, may foster geometric reasoning
ability.
STUDIES OF INTERSENSORY CONNECTIONS AND THE ARTS
Neuroimagingstudieshaverevealedthatvisualartsaswellasmusic
engage many aspects of brain function, and involve nearly every
neural subsystem identiﬁed so far (Zeki,1999; Solso,2001; Brown
et al., 2006; Cross et al., 2006; Levitin, 2006; Likova, 2010a,b).
Could this fact account for claims that arts exercise other part
of the brain and improve other cognitive abilities? Experience
with the visual arts may be expected to produce similar facil-
itatory effects through the learning of artistic styles (Hess and
Wallsten,1987),althoughthereislessformalresearchontheeffect
of visual art on learning enhancement in general. The visual sys-
tem is legendary for its ability to analyze the complex interplay
amongspatialstructuresin2Dand3Dspace.Thesepowerfulana-
lytic capabilities are far in advance of what can be achieved by
even the most sophisticated computer algorithms, but they are
central to any achievement in visual arts (Kubovy, 1986; Gom-
brich,1994,2000; Tyler,1998; Ramachandran and Hirstein,1999;
Livingstone, 2002). Indeed, neuroscience studies have begun to
develop important techniques for the study of the neural circuitry
mediating the appreciation of esthetic qualities (Zeki, 2001, 2004;
Kawabata and Zeki, 2004; Tononi, 2004). Brain imaging studies
have identiﬁed the cortical substrates for the encoding of a variety
of art-related properties, from primary ﬁgure/ground categoriza-
tion(LikovaandTyler,2008),andlong-rangesymmetryproperties
(Tyler, 1994; Norcia et al., 2002; Sasaki et al., 2005; Tyler et al.,
2005), through facial expressions (Kanwisher et al., 1997; Zaidel
and Cohen, 2005; Chen et al., 2006) to dynamic athletic perfor-
mancessuchasdance(Brownetal.,2006;Crossetal.,2006;Brown
and Parsons, 2008; Likova, 2010a, 2012a,b). Such experience with
the complex structures utilized in the visual arts is likely to make
an important contribution to the enhancement of learning in all
ﬁelds of endeavor.
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Theanalysisof suchcomplexspatialanddynamicspatialstruc-
turesisoneofthekeyaspectsunderlyingthecreativityofadvanced
thinking. Creative learning is a key aspect of the human thought
processesthatcrossesmanydomainsof neuralfunctioning(Gard-
ner,1982; Glover et al.,1989; Csikszentmihalyi,1997). The role of
emotional evaluation in the cognitive processes underlying cre-
ativity has been emphasized by Damásio (1994), a theme that he
has elaborated into other domains of human endeavor in sub-
sequent work. Indeed, Dietrich (2004) has proposed that there
are four basic types of creative learning, each mediated by a dis-
tinctive neural circuit. Creativity may arise either from a basis
of deliberate control or from spontaneous generation. When the
result of deliberate control, the prefrontal cortex instigates the
creative process; the spontaneous generation may arise from acti-
vation of the temporal cortex. Both processing modes, deliberate
andspontaneous,canguideneuralcomputationinstructuresthat
contribute emotional content and in those that provide cognitive
analysis,yieldingthefourbasictypesof creativity.Thistheoretical
framework systematizes the interaction between knowledge and
creative thinking,and how the nature of this relationship changes
as a function of domain and age.
Deﬁning art as a communicative system that conveys ideas and
conceptsexplainingwhyitispossibleforthesamebrainstructures
that supports other cognitive functions such as human language
to be involved in arts such as music or drawing. This characteriza-
tionpresupposemillionsof yearsof brainevolutionandbiological
adaptive strategies. As a multidisciplinary communicative system,
the arts provide an ideal platform for learning about the pleasure
of knowing, which in turn provides the motivational inspiration
to explore further, to ask questions, analyze and synthesize, and
engage in convergent and divergent thinking.
LEARNING AND ACTIVE INVOLVEMENT IN THE ARTS
The current expansion of interest in the science of learning moti-
vatesexplorationof theexpandedpossibilitiesof conceptualinter-
relationships offered by training in the arts. The difﬁcult task
of understanding and effectively enhancing learning across disci-
plines,ages,and cultural speciﬁcities is a high priority throughout
the world, and may be particularly beneﬁted by training in and
even exposure to the arts.
Contemporary research is beginning to explore new neuro-
scientiﬁc hypotheses concerning the effects of learning in activ-
ities such as musical performance, drawing, visual esthetics, and
dance,onlearninginnon-artisticdomains.Neuroimagingstudies
have started to reveal that the process of drawing shares cortical
substrate with writing, access to the semantic system, memory,
naming, imagery, constructional abilities, and the ability to esti-
mate precise spatial relations. Learning in the domain of visual
art, in particular, is reliant on a complex system of perceptual,
higher cognitive,and motor functions,suggesting a shared neural
substrateandstrongpotentialforcross-cognitivetransferinlearn-
ing and creativity. For instance, case study by Solso (2001) has
revealed signiﬁcant processing differences between the brains of
a professional artist and a novice during drawing in the scan-
ner; the comparative analysis of the activation patterns suggests
a more effective network of cognitive processing for the brain of
the artist. Results consistent with some of these conclusions have
also been reported on the basis of differences in alpha rhythm as a
function of level of artistic training (Kottlow et al., 2011). Recent
neuroimaging studies in our lab have addressed the process of
learning to draw by comparing BOLD fMRI brain activity before
and after training to draw, and correlating it with the advance in
drawingperformance.Thesestudies,runindiversegroupsof peo-
ple – from sighted to totally blind from birth, were made possible
by a unique Cognitive–Kinesthetic Training Method that Likova
developed for learning to draw even under the condition of total
blindness.Indeed,inblindsubjectswhohaveneverhadanyvisual
input, training in a spatial drawing skill generates dramatic uti-
lization of occipital lobe resources as early as the primary“visual”
cortex for this purely spatial task (despite the complete lack of any
visualexperience),aswellasareorganizationinanetworkof tem-
poral, parietal, and posterior frontal lobe regions consistent with
its multifunctional role (Likova, 2010a,b, 2012a). An additional
assessment showed a signiﬁcant improvement in generic spatial
and spatiomotor cognition abilities as well.
Another approach to the neuroanatomical underpinnings of
visual art production and appreciation comes from observations
of brain damage in established artists have been described (Zaidel
and Cohen, 2005), which also provides insight into the relation-
ship between art and other communicative displays by biological
organisms, and the role that beauty plays in art. Art should be
regarded as a cognitive process in which artists engage the most
perplexing issues in present experience and try to ﬁnd a way of
symbolizing them visually so that they can bring coherence to
their experience. In consequence, the deﬁnition of art is con-
stantly changing in relation to its time. Understanding how we
symbolize our experience, how we use symbolic form to orga-
nize our psyches,and what are the neuroanatomical corollaries to
these processes,will have obvious implications for learning. From
pre-historical times,visual art has been a form of communication
deeplyimprintedinhumannature.Compositionaluniversalsgov-
ern the design of visual artworks across ages and cultures,and the
actof artexperienceandappreciationinthe“receiver”alsohasthe
power of cross-cognitive effect during any time point in individ-
ual development. These ﬁndings have implications not only for
biomedical sciences, but also for learning, pedagogical principles,
and general social and educational policies.
Another key aspect that the arts bring to the mix is the creativ-
ity involved in the generation of the art work,which was analyzed
into its experiential components by Wallas (1926), involving
(i) preparation by focusing on the domain of problem and prior
approaches to its solution,
(ii) incubation by subconscious processes without explicit activity
related to the problem,
(iii) intimation that a solution is on its way,
(iv) insight into a novel solution to the problem,
(v) veriﬁcation and elaboration of the details of the solution.
The Wallas (1926) account is largely cognitive, emphasizing the
processes involved in reaching the solution to the problem. He
doesnotspeciﬁcallyaddressthemotivationalaspectsof howthese
processes would enhance the learning experience, except in the
Frontiers in Human Neuroscience www.frontiersin.org February 2012 | Volume 6 | Article 8 | 3Tyler and Likova Art, learning, and neuroscience
implied rewardingness of the insight (or moment of illumina-
tion) of the problem solution. InWallas’s scheme,the preparation
stage corresponds to much of the learning required in the educa-
tional process, but what is not mentioned is the inspiration that
characterizes the motivation for people to take up avocations and
hobbies, i.e., the sense of enthusiasm and zeal that some domain
of activity is of particular interest or relevance to a person. It is
theinspiration,makingthepreparationstageintrinsicallyreward-
ing rather than a painful grind, can make all the difference to the
learning experience.
Aﬁneexampleof thecreativemomentinsciencewasdescribed
byAndrew Feinberg in a keynote lecture on the expanding ﬁeld of
epigenetics (Seay, 2010). When on an architectural visit to West-
minster Abbey, he noticed that adjacent to Isaac Newton’s grave
is a small plaque indicating Paul Dirac’s grave (who was awarded
the Nobel Prize for advances in the stochastic theory of quantum
mechanics). Next to it is Charles Darwin’s grave,with no adjacent
plaque,butthejuxtapositiongavehimtheepiphanythatthemod-
ern version of Darwin’s theory would be the stochastic variation
in epigenetic processes that Feinberg subsequently developed into
a major scientiﬁc breakthrough. In this case his preparation was
manyyearsof scientiﬁcresearch,butitwastheforayintothenon-
scientiﬁc architectural tour that gave rise to the novel insight that
took his work to the next level.
ARTS, LEARNING, AND INSPIRATION
Another key aspect of learning that can be facilitated by the
arts is the emotional inspiration to be involved in the learning
process. Inspiration is an integrative mental function at the inter-
section of (a) cognitive,(b) emotional,and (c) conative processes.
(Conative processes are those goal-directed functions relating to
the classic third component of the mind championed by Kant,
1788, and McDougall, 1923, constituting the desire, ambition,
and will.) As such, inspiration is an aspect of mental experi-
ence that involves not just cortical circuitry but its integration
with the limbic system and medial frontal structures that are
understood to mediate the experience of emotional desires,moti-
vational rewards, and the appreciation of the integrative esthetic
values of the impinging stimuli (Damásio, 1994). This system
goes beyond classical concepts of beauty to incorporate the ele-
gance of theoretical concepts, the appreciation of the emotive
power of the diverse array of post-modern art installations, the
grace and dynamism of athletic performances, the economy and
evocativeness of political addresses, the interconnected synergy
of natural ecological systems, and innumerable other examples
throughout the sphere of our world knowledge. In a sense, inspi-
ration can turn almost any occupation in life into an avocation, a
source of satisfaction in achieving life goals. It is when individuals
feel themselves part of larger enterprise that they are inspired to
learn, to achieve, and to pursue a meaningful career. Conversely,
whentheirjobinvolvesperformingthesamedailydrudgery,inspi-
ration is lacking and they lack motivation to learn, adapt, and
prosper.
Thus, inspiration is a component of the emotional response
to stimuli and actions, when they are perceived as uplifting or
emotionally rewarding. As such it should be expected to be medi-
ated by the limbic system and the reward systems of the brain.
An impressive array of neural processing appears to be dedicated
to the extraction of reward-related information from environ-
mental stimuli and use of this information in the generation
of goal-directed behaviors. In particular, the differential charac-
teristics of activations seen in the dopaminergic mesencephalon,
the dorsal striatum, and the orbitofrontal cortex provide distinct
examples of the different ways in which reward-related informa-
tion is processed. Moreover, the differences in activations seen in
these three regions demonstrate the different roles they may play
in goal-directed behavior (Hollerman et al.,2000). The dopamin-
ergic systems appear to reﬂect a relatively pure signal of a reward
prediction error. The representation of goal-directed behaviors
may involve the basal ganglia of the putamen, globus pallidus,
and striatum (Acevedo et al., 2011; Paulmann et al., 2011), where
differentsubpopulationsneuronsdifferentiatebetweenrewarding
and non-rewarding outcomes of behavioral acts and are activated
at different stages in the course of goal-directed behaviors, with
largely separate populations activated following presentation of
conditioned stimuli, preceding reinforcers, and following rein-
forcers (Apicella et al., 1991; Hollerman et al., 2000). Moreover,
unlike the dopamine system,much of the striatal system responds
to predicted rewards (Salimpoor et al., 2011). These activations
could serve as a component of the neural representation of the
appropriate goal-directed behaviors in response to the environ-
mental contingencies associated with desirable goals (Engelmann
et al., 2009). Finally, neuronal activations in the orbitofrontal
cortex appear to encode the relative motivational signiﬁcance of
different rewards.
Further insights into this reward circuit may be obtained from
psychopharmacological studies. In particular, cocaine is known
not simply for inducing a sense of reward, but for producing an
enhanced (though illusory!) sense of well-being, capability, and
quasi-omnipotence. These are the core experiences of inspiration,
which can evidently be accessed by this biochemical substitute.
Functional imaging studies of focal signal increases for acute
cocaine infusion are found in such limbic and basal ganglia struc-
turesasthecaudate,putamen,basalforebrain,nucleusaccumbens,
thalamus,hippocampus,andparahippocampalgyrus;intheinsu-
lar, subcallosal, cingulate, lateral prefrontal, temporal, parietal,
and striate/extrastriate cortices; and in the midbrain structure of
the ventral tegmentum and the pons (Breiter et al., 1997). Sim-
ilarly, some of these areas are also implicated in the responses
to a romantic image (such subcortical structures as the caudate
nucleus, globus pallidus, putamen, lateral thalamus, subthalamic
nuclei, and ventral tegmental area; Bartels and Zeki, 2004; Aron
et al., 2005; Acevedo et al., 2011). Conversely, acute cocaine infu-
sionproducedsignaldecreases inthetemporalpole,medialfrontal
cortex, and amygdala (Breiter et al., 1997).
As indicated by these studies, activation of the frontal reward
network should not be treated as a unitary mental function, since
rewardinhumanexperienceincorporatesadiversityof aspects.In
particular, it is worth distinguishing four mutually complemen-
tarydomainsof reward–theappetitive,cognitive,social/conative,
and inspirational aspects of reward. The ﬁrst three aspects may
be seen as corresponding to the Freudian mental subdivisions of
id, ego, and superego functions – i.e., respectively those of hedo-
nic gratiﬁcation, of the effectiveness of the reward strategies, and
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of the goal-directed achievements of the performer in relation to
their place in society (such as course credits for completing the
task!). However, the fourth aspect is beyond all these, and relates
to how the performer feels about him/herself as a person,more in
therealmof Maslow’sconceptof self-actualization(inthesenseof
realizingthepotentialofwhatoneiscapableofdoing).Speciﬁcally,
the concept of inspiration focuses on the experiential rather than
the functional aspects of this form of achievement–inspiration
describes the feeling or awareness of extending one’s physical or
mental operations beyond the previous capabilities to achieve a
new or enhanced capability. It is this expansive or pluripotent
sense of the inspirational feeling that make it so signiﬁcant as a
motivational component of human endeavor.
The need for inspiration is something that is well understood
by the best teachers, who have the knack of conveying it to their
students. However, there is continual pressure to cover speciﬁed
ranges of exacting material,making it inappropriate for the learn-
ingenvironmenttobenothingbutentertainment.Thus,thehappy
medium between sufﬁcient inspiration and the requisite level of
proﬁciencyisdifﬁculttoachieve,andismadeparticularlydifﬁcult
by the wide range of cognitive styles exhibited by the popula-
tion of learners. There is a strong need to identify the effective
motivationalstylesandthedimensionalityof thedomainof moti-
vationalinspiration,inordertoexpandtherepertoireof strategies
for learning enhancement. Moreover, one such form of inspira-
tion is the opportunity to go beyond the predigested material that
is presented to develop original insights and contributions to the
domain of interest. This form of creativity can be highly motivat-
ing to the learner,who feels part of the enterprise of accumulating
the knowledge, rather than a passive recipient of the structured
material.
RECOMMENDATIONS FOR FUTURE RESEARCH FOR THE
ENHANCEMENT OF LEARNING THROUGH ART
ArecentNSFreporthasassembledrecommendationsforresearch
strategiesfortheenhancementof learningthroughart(Tyleretal.,
2009).
STRATEGIC PRINCIPLES
• Art is fundamentally a communicative medium: the processes
of creation and appreciation of art constitutes a special kind of
communication; thus future research needs to study both the
creators of the art and the consumers (enjoyers) of the artistic
products;afocusononeortheotheralonewouldbeincomplete.
• Such a dual focus is fundamental to understanding and devel-
oping theories of how we learn to create and appreciate art.
An adequate theory must account for both the holistic and
componential factors that contribute to artistic activities.
• Both art learning and art production involve a complex inter-
play between multiple sensory–motor and higher cognitive
mechanisms. To achieve full understanding of the processes
involved in any art,as well as the way they inﬂuence learning in
other domains,the focus of future investigations should not be
restricted within one level of the system,but include considera-
tion of the whole complex of interactions between the levels of
learning,art creating,and appreciation.
KEY RESEARCH QUESTIONS
• How can the dimensionality of the domain be scientiﬁcally
deﬁned in each of the arts? It is imperative to develop stan-
dardized measures and vocabulary in the novel ﬁeld proposed
by the Workshop.
• What are the measurable cognitive and biological underpin-
ningsof learninginspeciﬁcartforms,suchasvisualarts,music,
dance,theater? How can the relative importance of those learn-
ing components be quantiﬁed and understood in terms of the
neurobiological mechanisms?
• What processing “modules” does art learning share with other
cognitive functions, in particular such as those known to be
involved in learning and creativity in non-artistic domains?
• What are the implicit beneﬁts and cross-cognitive transfer
effects of training and experience in the arts? How can the
transformative process of the art experience be studied?
• Whatisplasticityof thecomponentabilitiesacrossthelifespan?
What is it about art training that helps people become better
artists?
• What is it that the learner is actually learning? What factors do
musical, visual art, or dance training impart? What is the link
between such training and outcomes in language, social, and
cognitive functions?
• Inspiration is an aspect of mental experience that involves not
just cortical circuitry but its integration with the limbic system
andmedialfrontalstructuresthatareunderstoodtomediatethe
experience of emotions, motivational rewards, and the appre-
ciation of the esthetic values of the impinging stimuli. What
is the mechanism underlying the role of inspiration in long-
term learning? How is inspiration related to the mechanisms of
attention and reward?
• Neuroscience studies report a class of “mirror neurons” form-
ing a mirror-matching system that responds similarly when an
act is performed by the individual studied or when observing
a separate person performing the same act. Does the mirror
neural system form the neural substrate of the embodied cog-
nitionexperiencedwhenviewingaworkof art?Canthepositive
or negative valence of the art-induced form of empathy be
harnessed to enhance learning in related ﬁelds of endeavor?
• Does learning in an art form always “transfer” to learning in
science? (e.g., does the learning of drawing foster the ability
to learn geometry, or the learning of music foster the ability
to learn language or mathematics?) What factors support or
invalidate the operation of such a transfer process?
• When the arts are integrated with other related disciplines in
schools,isthereevidencethatlearningintheseotherdisciplines
enhanced? Does the answer to this question depend upon the
type of learner (e.g., learning disabled; typical)?
• There is a need to evaluate the underlying processes to deter-
mine what speciﬁc mechanisms for such transfer of learning
the brain has developed.What are the main principles of learn-
ing transfer and how could they be implemented to effectively
enhance educational strategies?
METHODOLOGICAL RECOMMENDATIONS
• To understand the cross-modal effects of art training, it is
necessary to study the basic perceptual processing of the
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artistic objects that give rise to these experiences. The extent
to which different key parameters play a role in the artistic
experience should be investigated parametrically, and deter-
mine how these functions map onto the spectrum of artistic
expertise.
• Non-invasive neuroimaging techniques and transcranial mag-
netic stimulation to generate a reversible blockage of neural
activation should be used to answer the questions of learn-
ing transfer, enhanced creativity, and enriched esthetic experi-
ence.
• Causal network modeling of the information ﬂow amongst
cortical regions should be further employed and provide
new insights into the neural mechanisms of brain plasticity,
which are important for the development of cognitive training
strategies.
• Integration of advanced methods must be employed to mea-
sure psychophysiological reactions to the artistic experience.
New analytic techniques will be necessary for understanding
the whole physiological reaction,and open the opportunity for
a converging approaches.
• An appropriate set of standardized measures and vocabulary
for studying how non-professionals talk about and describe
different aspect of the arts should be developed. Formaliza-
tion of such categorization is fundamental to any meaningful
integrative work.
• Futureinvestigationsshouldrecognizethatartisadynamiccog-
nitiveprocessinwhichthedeﬁnitionof artisconstantlychang-
ing in relation to its time. A more comprehensive approach
should be used to explore the physiological characteristics and
learning functions of this inherently chaotic modality.
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